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GAIN STABILIZING SELF-ENERGIZED BRAKE MECHANISM 

BACKGROUND OF THE INVENTION 

[1] This invention generally relates to a disk brake assembly and specifically to a 

self-energized disk brake assembly including features for stabilizing braking force gain. 

[2] Conventional disk brake assemblies require a considerable amount of 

mechanical force to obtain the required braking force. The mechanical force is typically 
provided by a hydraulic piston actuated to force brake pads against a rotor. The piston is 
typically movable within a caliper housing. The caliper housing is either of a fixed or 
floating configuration. A fixed caliper housing remains fixed relative to the rotor as the 
brake pads move into contact with the rotor. A fixed caliper includes two pistons for 
moving the brake pads into engagement with the rotor. A floating caliper uses a single 
piston that moves one of the brake pads into contact with the rotor, and floats to pull the 
second pad into contact on an opposite side of the rotor. 

[3] A Self-energizing brake creates additional braking forces above any applied 

force to increase braking forces on the rotating brake member. Self-energizing brakes 
are known in the art, and have several problems that have so far prevented wide spread 
use in motor vehicles. The multiplication of braking force is generated by a specific 
configuration of brake pad or shoe and a frictional force caused during engagement with 
the rotating brake member. An applied force causes engagement between the rotating 
brake member and the brake pad. Rotation of the rotating brake member pulls the brake 
pad or shoe into the rotor, multiplying the overall braking force. 

[4] Disadvantageously, inconsistencies in frictional force and applied force between 

different wheels of a vehicle result in disproportionate amounts of braking force applied 
to each wheel. Non-uniform braking pressure on each wheel can result in undesirable 
vehicle handling. Further, the amount of applied force is not linearly proportional to the 
increase in braking force caused by self-energization. The result of such a non-linear 
relationship is large variations in braking force increases that are not controllable or 
consistent. 

[5] Accordingly, it is desirable to develop and design a self-energizing brake 

assembly having a stable, uniform and predictable gain in braking force. 
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SUMMARY OF THE INVENTION 

[7] The present invention is a self-energizing brake assembly including gain 

stabilization features controlling braking force gains obtained through self-energization. 

[8] A brake assembly designed according to this invention includes a brake pad 

movable on a support. The support is pivotally mounted to provide adjustment of an 
angle defined between the support and a centerline of a rotor. A force applied to the 
brake pad causes engagement between the rotor and the brake pad. A frictional force 
includes a friction coefficient between the rotor and the friction material and a normal 
force. The frictional force pulls the brake pad along the support to increase the 
magnitude of braking force beyond the force applied by the actuator. The increase in 
braking force is related to the angle of the support relative to the rotating brake member. 
The normal force varies in relation to changes in the angle. Therefore, adjusting the 
angle of the support controls the magnitude of braking force applied to the rotating 
brake member. 

[9] Accordingly, the present invention provides a brake assembly that controls gain 

from self-energization features and multiplies braking forces beyond the capability of 
the brake actuator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[10] The various features and advantages of this invention will become apparent to 

those skilled in the art from the following detailed description of the currently preferred 
embodiment. The drawings that accompany the detailed description can be briefly 
described as follows: 

[11] Figure 1 is a schematic view of a brake assembly; 

[ 12] Figure 2 is a free body diagram of braking forces; 

[13] Figure 3 is a schematic view of an actuator for adjusting an angleof the support; 

[14] Figure 4 is a schematic view of another brake assembly according to this 

invention; 

[15] Figure 5 is a schematic view of a brake pad engagement feature; 
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[16] Figure 6 is a schematic view of another brake assembly designed according to 

this invention; 

[17] Figure 7 is a schematic view of a brake pad engagement feature. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[ 1 8] Referring to Figure 1 , a brake assembly 10 includes a brake pad 14 movable on a 

support 22. The support 22 is pivotally mounted to provide adjustment of an angle 30 
defined between the support 22 and a plane of the braking surface 40 of a rotor 12. A 
force indicated by arrow 28 applied to the brake pad 14 moves the brake pad 14 into 
engagement with the rotor 12. Frictional force 38 pulls the brake pad 14 along the 
support 22 toward pivot 24 causing a decrease in available space between the brake pad 
14 and rotor 12. The decrease in space causes an increase in the magnitude of braking 
force. The increase in braking force is beyond the applied force 28 that initially causes 
contact between the brake pad 14 and rotor 12. Adjusting the angle 30 controls the 
magnitude of the increase in braking force. 

[ 1 9] The brake pad 14 includes a wedge 1 6 slidable along the support 22. The wedge 

16 moves along the support on rollers 26. Although rollers 26 are shown, other devices 
and mechanisms for moving the wedge 16 relative to the support 22, such as a polished 
and lubricated surface, are within the contemplation of this invention. A friction 
element 18 is pivotally attached to the wedge 16 for rotation about a pivot 20. The 
friction element 18 pivots about the pivot 20 to maintain contact with the rotor 12 
through changes in the angle 30 of the support 22. 

[20] The support 22 rotates about a pivotal connection 24 and facilitates changes in 

the angle 30. A spring 32 biases the support 22 toward the rotor 12. Friction force 38 
between the pad 18 and the rotor 12 drives the brake pad 14 along the support 22 and 
into the rotor 12. Movement of the brake pad 14 up the support 22 increases braking 
force against the rotor 12. A counter force 46 generated by movement of the brake pad 
14 along the support 22 drives the support 22 away from the rotor 12 against the biasing 
force exerted by the spring 32. The biasing force exerted by the spring 32 is balanced 
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against the counter force 46 such that the angle 30 is continuously varied to control and 
maintain a desired amount and increase in braking force on the rotor 12. 

[21] Referring to Figure 2, a free body diagram illustrates forces acting on the brake 

pad 14 as the brake pad 14 contacts the rotor 12. The applied force 28 moves the wedge 
16 up the support 22 and into engagement with the rotor 12. The friction force 38 
consists of the product of a friction coefficient between the rotor 12 and the friction 
material 18 and a normal force 42. The friction force 38 pulls the brake pad 14 up the 
support 22. As the brake pad 14 moves up the support 22, the normal force 42 increases, 
and the braking force against the rotor 12 increases. As the normal force 42 increases, 
the wedge 16 is drawn further up the support 22, causing a further self-energized 
increase in braking force. The normal force 42 is a component of a force 44 acting 
perpendicular to the support 22. The normal force 42 varies in relation to changes in the 
angle 30. Variation in the angle 30 controls the magnitude of normal force 42 exerted 
between the rotor 12 and the brake pad 14 to control the amount of gain in braking force 
and control self-energization. 

[22] Referring to Figure 3, another embodiment of the brake assembly 10 includes a 

linear actuator 34 instead of a biasing spring 32. The actuator 34 drives an actuation arm 
36 to vary the angle 30. The use of an actuator 34 instead of the biasing spring 32 
provides for situational control over adjustment of the angle 30. The actuator 34 allows 
for the adjustment of the angle 30 in a different manner depending on application 
specific conditions. For example, it may be desirable to brake a vehicle differently when 
heavily loaded, or when proceeding down a steep incline. The actuator 34 is controlled 
by a controller 35 to move the actuator arm 36, vary the angle 30, and control the 
magnitude of braking force in response to current conditions. The controller 35 is as 
known, and a worker skilled in the art with the benefit of the teachings contained herein 
would understand how to program the controller 35 to vary the angle 30 and control 
braking forces in response to various vehicle conditions. 

[23] Referring to Figures 4 and 5, another brake assembly 50 includes a wedge 

shaped brake pad 58 movable along a support 54. The support 54 includes a ramped 
surface 59 on which the brake pad 58 slides. The brake pad 58 includes friction 
material 60 forming the surface engaging the rotor 52. The support 54 is pivotally 
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supported for rotation about a pivot 82. An actuator 66 drives the support 54 upward 
decreasing an angle 78. The decrease in the angle 78 moves the brake pad 58 into 
engagement with the rotor 52. Friction force 38' causes movement of the brake pad 58 
up the sloping surface 59 defined by the support 54. Upward movement increases the 
braking force against the rotor 52 beyond the force 80 applied by the drive actuator 66. 

[24] A release spring 86 biases the brake pad 58 in a direction counter to the direction 

of rotation 64 of the rotor 52. The release spring 86 biases the brake pad 58 down the 
sloping surface 59 of the support 54. The magnitude of braking force increases beyond 
the applied force 80 by the self-energization gain obtained from the friction force 38' 
pushing the brake pad 58 up the sloping surface 59. The magnitude of braking force 
gain increases proportionally relative to movement of the brake pad 58 up the support 
54. The angle 78 between the sloping surface 59 and a centerline 62 of the rotor 52 is 
varied to control the gain in braking force from self-energization. 

[25] The drive actuator 66 moves a drive link 70 upward to initiate contact between 

the brake pad 58 and the rotor 52. The force 80 exerted by the drive actuator 66 may be 
only a fraction of the actual force required to brake the rotor 52. The remainder of the 
braking force required to control and brake the rotor 52 is provided by self-energization 
caused by frictional forces pulling the brake pad 58 up the sloping surface 59 and 
toward the rotor 52. 

[26] The drive actuator 66 adjusts the angle 78 to provide a desired magnitude of 

force gain above the applied force 80. A controller 65 controls the drive actuator 66 in 
order to provide the desired magnitude of braking force. The controller 65 also directs 
actuation of a lock actuator 68. The lock actuator 68 includes a lock link 72. The lock 
link 72 and drive link 70 include teeth 74 having ramped surfaces 76 that translates 
linear movement of the lock link 72 in the direction 71 into transverse movement 73 of 
the drive link 70. 

[27] The lock actuator 68 and lock link 72 prevent movement of the drive link 70 

caused by forces produced between the rotor 52 and the support 54. Further, the lock 
link 72 provides an increase in release force required to unlock the brake pad 58 from 
the rotor 52. A worker skilled in the art with the benefit of the teachings disclosed 
herein would understand how to program a commercially available controller to control 
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actuation of the drive and lock actuators 66, 68 to adjust the angle 78 and control the 
magnitude of self-energized gain in braking force. 

[28] Referring to Figures 6 and 7, another brake assembly 90 includes a brake pad 94 

movable along a sloped surface 1 15 of a pivotal support 1 16. The brake pad 94 includes 
friction material 96 that contacts an outer periphery of a rotor 92. Contact between the 
rotor 92 and the brake pad 94 drives the brake pad 94 along the sloped surface 1 15 and 
further toward the rotor 92. Frictional force 124 drives the brake pad 94 along the 
sloped surface 1 15 to shorten the distance between the brake pad 94 and the rotor 92. 
The shortened distance results in a gain in braking force above that of an applied 
force 122. The applied force 122 initiates contact between the brake pad 94 and the rotor 
92, and the friction force 124 drives the brake pad 94 along the sloped surface 115 
creating a self-energized increase in braking force. 

[29] The support 116 pivots about pivot 114 in response to the applied force 112 

exerted by the drive actuator 102. The drive actuator 102 is pivotally attached to the 
support 1 16 by a pivot 118. The drive actuator 102 drives a drive link 106 to adjust an 
angle 120 between the sloped surface 1 15 and a line tangent to rotation of the rotor 92. 
The drive actuator 102 and release actuator are controlled by a controller 103. The 
controller 103 may be a portion of the vehicle electronic control module or a separate 
dedicated controller for the brake assembly 90. A worker skilled in the art, with the 
benefit of this application would understand how to program a commercially available 
controller to adjust the angle 120. 

[30] The release actuator 104 moves a release link 108 linearly and perpendicular to 

movement of the drive link 106. Teeth 1 10 form an interface between the drive link 106 
and the release link 108. The teeth 1 10 include ramped surfaces 1 12 to convert linear 
movement of the release link into perpendicular movement of the drive link 106. 
Actuation of the release actuator 104 toward the drive link 106 causes movement of the 
drive link 106 away from the support 1 16 to increase the angle 120. Increasing the angle 
120 reduces the self-energization gain obtained from movement of the brake pad 94 
along the sloped surface 115. Continuous adjustment of the angle 120 controls the 
magnitude of braking force increase from self-energization. Self-energization allows the 
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use of smaller actuators with less power because most of the braking force is produced 
by self-energization of the brake pad 94. 

The foregoing description is exemplary and not just a material specification. 
The invention has been described in an illustrative manner, and should be understood 
that the terminology used is intended to be in the nature of words of description rather 
than of limitation. Many modifications and variations of the present invention are 
possible in light of the above teachings. The preferred embodiments of this invention 
have been disclosed, however, one of ordinary skill in the art would recognize that 
certain modifications are within the scope of this invention. It is understood that within 
the scope of the appended claims, the invention may be practiced otherwise than as 
specifically described. For that reason the following claims should be studied to 
determine the true scope and content of this invention. 



